ABSTRACT: The monitoring of marine benthic communities is based upon their ability to integrate long-term environmental conditions and it is considered an efficient, accurate and useful tool in the detection of pollution effects. However, long-term studies are scarce, and only few are devoted to recovery processes in estuaries following water treatment. In this contribution, the response of the Nervión estuary to sewerage processes is studied, using a long-term (1989 to 2003) data set of physico-chemical (dissolved oxygen, redox potential, organic matter, metals) and biological (density, richness and diversity in benthic communities) variables. The AMBI (AZTI's Marine Biotic Index) was designed to investigate the response of soft-bottom communities to natural and human-induced changes in European coastal water quality and is evaluated here. The first factor controlling the Nervión's benthic structure is found to be the bottom water oxygen saturation, hypoxia-and/or anoxia-produced azoic sediments. When water treatment commenced, benthic recolonisation was very rapid in terms of opportunistic species settlement. However, the community structure was highly disturbed, in terms of density, richness, diversity and AMBI values. AMBI and diversity values are highly correlated with oxygen saturation. When the water treatment continued, the high metal concentrations in the sediments inhibited recovery in some areas; they were a secondary factor in determining benthic structure. This contribution demonstrates that the AMBI is an efficient tool for detecting changes in benthic communities and in systems associated with sewerage schemes; it provides an indication of the proportions of opportunistic and sensitive species within a long-term series.
INTRODUCTION
Biological monitoring is a useful tool for the evaluation of recovery processes in estuarine and marine environments and is a necessary part of environmental management. The monitoring of marine benthic communities is based conceptually upon their ability to integrate long-term environmental conditions at a particular site (Bilyard 1987 , Warwick 1993 . The use of both the community (as an indicator of the level of biological organisation) and the benthos (as an indicator of the biotic component) in monitoring programmes has been justified largely for temperate coastal areas (Clarke & Green 1988 , Warwick 1993 , Clarke & Warwick 1994 , Eriksson et al. 2002 . Long-term monitoring of benthic communities is considered an efficient, accurate and useful tool in the detection of pollution effects (Kröncke 1995 , Brown & Shillabeer 1997 , Currie & Parry 1999 . However, long-term studies are scarce, and only sometimes are they devoted to recovery processes in estuaries (Shillabeer & Tapp 1989 , Tapp et al. 1993 , Dauer & Alden 1995 , Attrill 1998 , Wilson et al. 1998 , Beukema et al. 1999 , Hawkins et al. 2002 , Llansó et al. 2004 .
According to Spellerberg (1995) , there is a clear and urgent need for the development of rigorous biological monitoring techniques, as well as some careful consideration to the logistics of such monitoring programmes. Therefore, the basic aspects to be considered in monitoring programmes are the requirements for studies previ-ous to the disturbance, i.e. before the commencement of human activities (such as in the case of dumping, enabling the application of corrective action), as well as the need to establish controls. When planning a monitoring survey of the benthos, several decisions have first to be taken, such as the sampling methodology; the derived measurable attributes of the organisms and the criteria and levels of organism discrimination groupings for the littoral zone under study (Warwick 1993) .
In this way, and in recent years, the interest in benthic indicators has increased dramatically, with a long list of new indicators proposed (see Diaz et al. 2004 for a review). One of these indicators, the AMBI (AZTI's Marine Biotic Index), was designed to establish the ecological quality of European coasts, investigating the response of soft-bottom communities to natural and human-induced changes in water quality (Borja et al. 2000 (Borja et al. , 2003 (Borja et al. , 2004a . Hence, the AMBI offers a 'pollution/disturbance classification' of a particular site, representing the benthic community 'health' (sensu Grall & Glémarec 1997 ). The AMBI is based upon wellknown ecological models (Glémarec & Hily 1981 , Hily 1984 ; its theoretical basis is that of the ecological adaptative strategies of r, k and T (McArthur & Wilson 1967 , Pianka 1970 , Gray 1979 and ecological succession in stressed environments (Bellan 1967 , Pearson & Rosenberg 1978 .
The AMBI has been verified successfully in relation to a very large set of environmental impact sources, including drill cutting discharges, submarine outfalls, harbour and dyke construction, heavy-metal inputs, eutrophication, engineering works, diffuse pollutant inputs, dredging processes, mud disposal, sand extraction, oil spills and fish farming . The geographical areas where it has been applied extend to the Atlantic Sea, Baltic Sea, Mediterranean Sea, North Sea and Norwegian Sea, all in Europe; also in Hong Kong, Uruguay and Brazil (Muniz et al. 2005 . The AMBI has been proposed also to be used, together with other structural parameters, for the assessment of the ecological status of estuarine and coastal waters, according to the requirements of the European Water Framework Directive (Borja et al. 2004c,d) .
The Basque Country is located in the innermost part of the Bay of Biscay in northern Spain (Fig. 1) . This region has a long history of industrialisation, especially in the Nervión estuary, which encompasses the large commercial port of Bilbao (Fig. 1) . The estuary is 22 km long and is formed by the tidal part of the Nervión River. The natural features of the estuary have been modified dramatically by urban, industrial and port settlements, which have occupied practically the whole of the valley during the last 150 yr (Cearreta et al. 2004 ). The original estuary has been reduced rapidly in size through land reclamation to form a tidal channel (average dimensions: 100 m wide, <10m deep) completed in 1885 (Junta de Obras del Puerto 1910).
Exploitation of abundant local iron ore led, in the mid-19th century, to the early industrial development of the area together with an increase in the density of the population (around 2250 inhabitants km -2 and a total current population of 1 000 000) . As a consequence, the estuary has received, over the last 150 yr, wastes from many sources (mineral sluicing, industrial wastes and urban effluents), which have significantly degraded its environmental quality (Belzunce et al. 2001 . Hence, the estuary received (before treatment in 1984) some 250 000 m 3 d -1 of urban wastewaters and 67 000 m 3 d -1 of industrial waters (produced mainly by the chemical, ironsteel and paper sectors), highly charged with toxic products (cyanide, heavy metals, fluorides and phenols) (Azkona et al. 1984) . This produced extremely low concentrations of dissolved oxygen in the waters and a high content of organic matter and heavy metals in the sediments (Belzunce et al. 2001 , Landajo et al. 2004 ). These discharges led to a deterioration in the softand hard-bottom benthic communities (Gorostiaga et al. 2004 ). The results obtained from an initial survey (Rallo et al. 1988) revealed that the main feature underlying the spatial distribution patterns of benthic communities was a stress gradient from the open coast towards the pollution source (the Nervión River).
Consequently, in 1979, in order to reverse this situation of poor environmental quality, a sewerage scheme for the area was approved by the Consorcio de Aguas Bilbao-Bizkaia (henceforth Consorcio); this is the local authority responsible for water supply and wastewater treatment. The diversion of outfalls began in the late 1980s, and the 'clean-up' of water began in 1991 with physico-chemical treatment (Franco et al. 2004) ; in 1995, the company causing most of the pollution in the estuary (the iron and steel company Altos Hornos de Vizcaya) was closed, and in 2001 a biological treatment plant came into operation. In 2002, the scheme covered around 700 000 inhabitants and will be concluded in 2005 (Franco et al. 2004) .
To survey the estuarine quality over time, a monitoring programme (including physico-chemical water and sediment parameters and the soft-bottom benthic, zooplanktonic and fish community composition of the estuary) has been carried out since 1989 by the Consorcio (Franco et al. 2002) .
Hence, using this data set, the objectives of this contribution are to determine (1) the main physicochemical variables controlling the benthic distribution within the Nervión estuary and the structural parameters of the community, at a spatial level; (2) the long-term time course and recovery of benthic communities following water treatment; and (3) the ability of the AMBI to detect the recovery of benthic communities in polluted systems under the impact of sewerage schemes.
MATERIALS AND METHODS

Sampling.
A network of monitoring stations along the Nervión estuary, from the inner to the outer reaches, was established by the Consorcio; this provides water, sediment and biological quality information from 8 subtidal sampling stations ( ). The samples were sieved immediately following collection using a sieve with a mesh size of 1 mm and fixed in a solution of 4% formalin stained with rose Bengal (Holme & McIntyre 1971) .
Sediment data. At each station, a third grab was taken for sediment analysis (redox potential, organic matter content and metals). The redox potential was measured, immediately after placing the sample on board the survey vessel, with an Orion 977800 platinum electrode; this was connected to a Crison 501 pHmeter-millivoltmeter. The electrode was inserted some 5 cm into the sediment directly without disturbing the sample within the grab.
A 200 g sediment sample was dried at 80°C for 24 h; it was then washed with freshwater on a sieve mesh of 63 µm. The dried residue was sieved on a column of 8 sieves (4 mm to 31 µm). The percentages of gravel, sand and mud were calculated as > 2 mm fraction, 63 µm to 2 mm and < 63 µm, respectively (Holme & McIntyre 1971) . The organic matter content was calculated using the 'loss on ignition' method (Kristensen & Anderson 1993) .
Metal concentrations (Cd, Cu, Cr, Hg, Pb, Zn) were analysed on the < 63 µm size fraction, taken from the upper 10 cm sediment layer. Measurements were obtained using atomic absorption, using flame, graphite furnace and cold vapour techniques. The analytical procedure was checked against reference materials.
Water quality data. The mean bottom water temperature (used in the determination of oxygen saturation), together with its salinity and oxygen concentrations, was measured using conductivity and membrane polarographic probes, respectively. Between 8 and 12 surveys were undertaken every year. Mean oxygen values were derived on the basis of a 12 mo sampling period (from October of one year to September of the next year); these were used to establish the influence of oxygen on the benthic communities, as sampled in October.
Biological data. Identification was undertaken in the laboratory by means of a binocular microscope (4 × to 40 ×). After computing the mean density of each taxon, at each sampling station the macrobenthic community structure was described by calculating the following descriptors (Washington 1984) : richness (number of identified taxa), density (N: ind. m -2 ) and numerical diversity (Shannon Wiener H' n : bits ind.
-1 ). Soft-bottom macrobenthic communities respond to environmental stress by means of different strategies (Bellan 1967) . The AMBI was used here as an index of the disturbance of the benthic community (Borja et al. 2000) , as has been demonstrated broadly elsewhere (Borja et al. 2003 , Muniz et al. 2005 ). The AMBI is based upon the proportions of 5 ecological groups (EG) to which the benthic species are allocated (based upon Leppäkoski 1975 , Glémarec & Hily 1981 , Grall & Glémarec 1997 : EG I, disturbance-sensitive species; EG II, disturbance-indifferent species; EG III, disturbance-tolerant species; EG IV, second-order opportunistic species; and EG V, firstorder opportunistic species (Borja et al. 2000) .
The corresponding AMBI values were calculated using software freely available at www.azti.es (AMBI v.2.0); this includes the EG of 2805 taxa, updated in September 2004. The AMBI was calculated for each of the replicates and then averaged for the entire station, as recommended by Borja et al. (2004c) and in the guidelines for the index .
The disturbance assessment was undertaken according to the thresholds established on a scale of 0 to 7 for the AMBI based upon the proportions between the various ecological groups: 0 to ≤1.2 values, corresponding to undisturbed communities; 1.2 to ≤3.3, slightly disturbed; 3.3 to ≤5, moderately disturbed; 5 to ≤6, heavily disturbed; and 6 to 7, extremely disturbed (for details of the scale, see Borja et al. 2000 . These thresholds are coincident with the benthic community health proposed by Grall & Glé-marec (1997) .
Statistical treatment of data. To assess how well the benthic community structure was correlated with abiotic variables, a pair-wise Pearson's correlation between variables was carried out. Correlations with p < 0.001 were considered significant.
A principal component analysis (PCA) was applied to the data set of 10 abiotic variables and 4 biological variables for 8 sampling locations and over 15 yr (Zitko 1994) . Normal distribution of the data was achieved using a log (1+x) transformation standardised by subtracting the mean and dividing by the standard deviation.
Afterwards, a canonical correspondence analysis (CCA) was carried out by means of the CANOCO package (ter Braak & 2milauer 1998); this used 4 biological variables, 9 environmental variables (mud percentage, organic matter content, redox potential and metals [Cd, Cr, Cu, Hg, Pb, Zn] ) and a covariable (oxygen saturation). Hill's scaling was used, focused on the inter-sample distances, with data being log-transformed (log [1+x] , in dry wt) recorded in fine-grained fraction (< 63 µm) sediments of Nervión estuary. Data were collected between 1989 and 2003; zonation is defined in Fig. 1 
RESULTS
The bed of most of the locations within the Nervión estuary consist of mud or sandy-mud sediments (Table 1) . The redox potential reaches lower values in the inner parts (with means around -300) than in the outer estuary (means ca. -50, except at the very muddy Stn 110) ( Table 1 ). The organic matter tends to decrease from the inner to the outer reaches, both in terms of mean and maximum values, from >10% to around 5%, except at Stn 110 (Table 1) .
The highest mean metal values are reached in the innermost part of the estuary (Cr and Zn, at Stn 8) or in the area between Stns 5 and 101 (Cd, Cu, Hg, Pb). The same pattern is shown in the maximum values (Table 1 ). In some cases (Hg, Pb), high mean values are found in the outer reaches (Stn 111) (Table 1) . Overall, the mean and maximum concentrations of all the metals analysed can be considered very high.
Similarly, the bottom salinity values are very high, with means over the whole period of 28.7 ± 4.2 (SD) at Stn 8 to 31.3 ± 1.8 (Stn 6), 32.8 ± 1.4 (Stn 5), 34.4 ± 0.7 (Stn 101), and > 35 ± 0.5 at the remaining stations.
The inner estuary shows the effect of the sewage treatment process in terms of oxygen saturation recovery in the bottom water layers (Fig. 2) . Hence, without treatment (1989) (1990) , the mean oxygen bottom values, for the whole data set representative of Stns 8, 6 and 5, were < 22%.
When the physico-chemical water treatment started in the estuary in 1991, the mean oxygen values reached nearly 40%; they maintained this level until the company causing most of the pollution closed in 1995. At this time, the oxygen levels were over 40%. Bottom waters in the inner estuary were hypoxic (or anoxic, at the beginning of the time series) most of the time, especially in spring and summer (only a single taxon was identified at Stn 8, in 2001). The presence of fauna has become permanent from Stn 5 seawards; this is the zone where the bottom waters rarely present hypoxia (Fig. 2) . Hence at Stn 5, the number of taxa has varied between 2 and 22 during the last 15 yr, with a mean value of ca. 8. The total density has varied between 30 and 26 600 ind. m -2 , with the benthic communities being dominated by annelids. The opportunistic and moderately hypoxia-resistant polychaete Capitella capitata was normally the dominant species at Stns 5 and 101. Other common taxa in this area are the extremely hypoxia-resistant Malacoceros fuliginosus, oligochaetes and the gastropod Hydrobia ulvae. However, in recent years new components of the Scrobicularia plana-Cerastoderma edule community (characteristic of estuaries in the Basque Country; see Borja et al. 2004b) , such as the polychaetes Hediste diversicolor, Streblospio shrubsolii and Heteromastus filiformis, the crustaceans Cyathura carinata, Carcinus maenas and Corophium sp., or the molluscs Tapes decussata or C. edule, have colonised this 'unbalanced' area (sensu Bellan 1967 and Grall & Glémarec 1997) .
Over the middle reaches of the estuary (Stns 101 & 102), the taxa are those of the Abra alba community in the Basque Country (Borja et al. 2004b The distribution of benthic communities in the Nervión estuary consists of (1) a general increase in the number of taxa and diversity, both seawards and throughout the time series; and (2) a maximum density at the boundary between the inner channel and the outer reaches, with no clear time-series trends (Fig. 3) . The 2 innermost stations (8 and 6) were azoic, or very impoverished, throughout most of the time series. Fauna have been found only during 8 of the past 15 yr (mainly during the last years of the time series), although the number of taxa has never been greater than 10 (the highest value reached, in 2003). The number of taxa increased over the middle reaches (Stns 101 and 102) throughout the time series, from 10 to 15 taxa in 1989 to a mean of 60 in 2000 to 2003. There is no clear trend in the results obtained for the outer reaches, with mean values of ca. 50 taxa (Fig. 3) .
The inner estuary has improved progressively, in terms of its AMBI values, from an azoic situation (Stns 8 and 6), to a moderately disturbed pattern (Figs. 4, 5 & 6). However, 3 'anomalous' AMBI values (< 3), in terms of progressive improvement, were obtained for Stn 8 in 1997, 1998 and 1999 (Fig. 4) . At Stns 6 and 5, the initial community was dominated by EG V (opportunistic), and in recent years, EG III and IV have become dominant (Fig. 4) . Even within the outer estuary, the AMBI has decreased, with sensitive (EG I) and indifferent (EG II) species becoming increasingly abundant (Fig. 6) .
When studying the entire data set, the AMBI presents a highly significant negative correlation with oxygen saturation (r = -0.9), diversity (r = -0.86), richness (r = -0.72) and redox potential (r = -0.57); it shows a highly significant positive correlation with organic matter (r = 0.5), Cd (r = 0.45), Cr (r = 0.47) and Zn (r = 0.49) ( Table 2 ). The same pattern is shown by other structural parameters, such as richness and diversity, but not by density (Table 2) .
Bottom oxygen saturation explains 81% of the variability in the AMBI values (Fig. 7) , corresponding to the highest value in the correlation matrix (Table 2) . Taking into account the high number of low oxygen values and the azoic situations at Stns 8 and 6, the latter were removed from the correlation analysis in order to enable examination of different patterns. The result is that the AMBI maintains the same pattern of correlation with the structural parameters (but with lower correlation val- ues), except in the case of oxygen saturation, which is not now correlated (Table 2 ). This pattern can be explained by the break in the relationship around the limit between AMBI values determining slightly and moderately disturbed habitats (AMBI = 3.3). Thus, 97% of samples with AMBI values < 3.3 had an oxygen saturation of > 70%; conversely, only 16% of stations with an AMBI value of > 3.3 had an oxygen saturation of > 70% (Fig. 7) . In contrast, the correlation with the metal concentrations increased in all cases, with the AMBI correlated significantly with all of the metals (Table 2 ). The same pattern is shown by the diversity but, in this particular case, maintaining the correlation with oxygen saturation (Table 2 ).
The first 3 components of the PCA explain > 79% of the total variability in the system. The first component shows a clear relationship with the structural parameters and oxygen (Fig. 8a) , both in terms of oxygen saturation in the bottom waters and the redox potential of the sediments, and explains 46% of the variance. Hence, the higher the saturation and redox potential, the greater the diversity and richness and the lower the AMBI values (i.e. more sensitive species) in the communities. This gradient clearly separates stations from the inner and outer reaches of the estuary (Fig. 8a) . The second component appears to be related to the sediment metal concentrations, and explains 21.7% of the variance. However, the metals are also related to biotic variables (Fig. 8b) . Hence, the more metals, the higher the AMBI values (opportunistic species) and the lower the diversity and richness. The third component is related to sediment characteristics (mud and organic matter content) (Fig. 8b) , and explains 14.3% of the variance.
Taking into account that oxygen saturation explains most of the benthic communities' variability, it was used as covariable in a CCA to analyse the effect of the remaining abiotic parameters. In this case, only Cu and Cd were significant in the analysis (p < 0.05). The biotic-abiotic parameter correlations were 0.388 for the first axis and 0.364 for the second. Both axes together explained 14.8% of the variance in the biotic data.
DISCUSSION
In the Nervión estuary, the high amounts of organic matter discharged into the estuary throughout the 20th century has resulted in extended periods of hypoxia; this has even led to anoxia in the inner reaches. Oxygen deficiency is one of the most important factors leading to stress in aquatic organisms (Llansó 1992 ); as such, it is perhaps the most widespread anthropogenically induced deleterious effect in the marine environ- Regression between AMBI and oxygen saturation, including data from all stations and years ment, causing localised mortality of benthic macrofauna (Diaz & Rosenberg 1995) . The hypoxia causes adverse effects on the benthic macrofauna, such as (1) mortality, (2) changes in behaviour, (3) reductions in growth, (4) decreases in biomass and diversity and (5) changes in the density and species composition of benthic assemblages (Diaz & Rosenberg 1995) . Most of these effects have been detected in the Nervión estuary. Hypoxia usually increases the density of small, short-lived species (opportunistic species: EG IV & V, sensu Borja et al. 2000) ; it decreases the density of large, long-lived species (sensitive species: EG I & II) (Holland et al. 1987 , Llansó 1992 , Llansó et al. 2004 . As a consequence, in hypoxic areas, assemblages of large infauna are usually of low diversity, density and biomass; assemblages of small infauna show higher density and biomass (Dauer et al. 1992 , Diaz & Rosenberg 1995 . After extended hypoxic periods, these patterns have been detected in the inner reaches of the Nervión estuary. For example, for the period 1989 -2003, the communities were dominated by opportunistic species and dramatic changes occurred in their structural parameters. In the middle reaches, with higher oxygen levels, the benthic communities show an equilibrium between opportunistic and sensitive species groups, together with higher structural values. Oxygen has been proposed by González-Oreja & Sáiz-Salinas (1998) as the key environmental factor explaining the distribution of benthos in the Nervión estuary. In order to predict the levels of macrozoobenthic biomass in the sediments of the Nervión estuary, González-Oreja & Sáiz-Salinas (1999 undertook a short-term experimental study. These authors envisaged 3 recovery situations, or scenarios, relating to the water-quality objectives proposed by the local Water Authority (Consorcio 1993) , with a level of dissolved oxygen in the waters of 60%. From these oxygen values the predicted biomass of soft-bottom macrobenthic communities in the Nervión estuary should be ca. 1 ⁄ 10 to 1 ⁄ 2 of the value obtained for the mouth (Sáiz-Salinas & González-Oreja 2000) . Therefore, González-Oreja & Sáiz-Salinas (1999 concluded that any factor raising oxygen levels in the water column of the Nervión estuary would enhance the total community biomass.
In the Nervión estuary, recolonisation of the inner reaches has taken place by species from the outer reaches, establishing a typical Scrobicularia-Cerastoderma community (sensu Borja et al. 2004b) ; increasing values of richness and diversity, with reducing density ranges, have occurred throughout the period from 1989 to 2003. Hence, it has taken >13 yr for the middle reaches to achieve the same richness and diversity that was present in 1989 in the outer reaches (Fig. 3) . On the other hand, it has taken 14 to 15 yr for the inner reaches to achieve the same state as that of the middle reaches, in 1989. The time course in the outer reaches appears to be influenced by other drivers, such as the North Atlantic Oscillation or precipitation (A. Borja et al. unpubl. data) . This recolonisation pattern is very similar to that predicted experimentally for this estuary by González-Oreja & Sáiz-Salinas (1999 and Sáiz-Salinas & González-Oreja (2000) .
Following hypoxia, the initial recovery of benthic communities usually follows the Pearson & Rosenberg (1978) enrichment-disturbance model. This model is based on the AMBI response to impact sources (Borja et al. 2000 (Borja et al. , 2004c . Hence, the time course of AMBI values at stations most affected by water treatment in the Nervión estuary is related closely to the recovery of the oxygen saturation levels in the bottom water layers. The best example is Stn 5 (Fig. 4) , in which anoxia led to azoic sediments prior to 1990. The physico-chemical treatment increased oxygen saturation. The period 1990-1995 was dominated by opportunistic species, together with a highly disturbed community, in terms of AMBI. After closure of the company which caused most of the pollution in the area, the community evolved positively; this is by incorporating species from EG I-III. The associated AMBI values show a moderately to highly disturbed community. This pattern coincides with a new increase in oxygen saturation (Fig. 2) . Finally, following the commencement of biological treatment and the high increase in oxygen saturation, a progressive improvement in AMBI values has been detected; there is dominance now of EG I-III. On the other hand, a small worsening has been detected at Stns 101 and 102, which are situated downstream of the sewage treatment plant discharge (Fig. 1) ; this itself has increased in its discharge volume throughout the period of investigation.
This response (of AMBI to oxygen depletion and recovery) has been detected by Muxika et al. (2005) in Norwegian hypoxic fjords. In these cases, the recovery of the affected communities, to a steady state community following the return to normoxic conditions, can take several years; this is as detected in the Nervión estuary. In this particular case, some 'anomalous' situations can be detected using AMBI, when low AMBI values are coincident with very few species (< 3) or individuals e.g. over 1997-1999 at Stn 8, where the AMBI values are lower than expected (Fig. 4) . If the species are classified as EG I or EG II, the final AMBI value can be underestimated. It is recommended that such data be removed from the overall analysis (Borja et al. 2004c .
Oxygen depletion and chemical pollutants are the main inhibitory environmental factors for soft-bottom macrozoobenthos in the Nervión estuary (Sáiz-Salinas 1997). Concern has been expressed locally over chemical pollutants within the sediments; these may act as a reservoir of contaminants in the future (Ruiz de la Rosa & Sáiz-Salinas 1993). Anoxic conditions usually have the effect of binding some contaminants more tightly than for aerobic sediments (Riedel et al. 1999) . Contaminants in contact with the oxic waters can be released back into solution (Calmano et al. 1993) , causing toxic effects in the biota. For example, Trannum et al. (2004) have shown that high copper levels in sediments (400 to 1500 mg kg -1 ) had a distinct negative effect on benthic colonisation.
This process appears to occur in the Nervión estuary because some of the modifications in the middle reaches are related to high metal levels (both mean and maxima values), especially at Stns 5 and 101. The relative severity of sediment toxicity must be much lower than the oxygen deficiency effects, at least for the polychaete Nereis diversicolor, as detected by Sáiz-Salinas & Francés (1997) . However, for the period [1989] [1990] [1991] [1992] [1993] [1994] [1995] [1996] [1997] [1998] [1999] [2000] [2001] [2002] [2003] 72 .6% of the total Zn samples analysed in the Nervión estuary, 38.5% of Pb, 13.7% of Cd and 13.3% of Cu are over the effect range median established by Long et al. (1995) ; this shows a decrease from between 35% (Cu) and 90% (Zn) for the period 1989-1991 to between 0% (Cu, Cd) and 45% (Zn) for the period 2002-2003. This pattern indicates the potential toxic effect on the sediments throughout the period. Metal pollution in the estuary has decreased progressively since 1989 (Belzunce et al. 2004b) , probably influencing the recovery of the benthic communities.
Sáiz-Salinas & González Oreja (2000) have developed additional techniques to assess recovery using the estuarine bivalve Scrobicularia plana. This species is more sensitive to chemically contaminated sediments than Nereis diversicolor. Lack of concordance between the bivalve and the polychaete, as to which sediments were toxic, has indicated that each species responded differently.
The ecological implications of the experimental results obtained by Sáiz-Salinas & González Oreja (2000) , corroborated in situ in this contribution, are clear. Azoic sediments in the inner part of the estuary, independent of their chemical contamination, have been repopulated by species of the ScrobiculariaCerastoderma community, as predicted by Sáiz-Salinas & González Oreja (2000) . On the other hand, the results of the experimentation undertaken with Scrobicularia plana have demonstrated that chemical contamination in areas of the Nervión estuary has the potential to cause deleterious biological effects on indigenous benthic organisms. Based upon these recovery simulations, S. plana should provide valuable information within the context of an extensive toxicological assessment of contaminated sediments. This observation would facilitate the management implementation of the extremely costly remedial action plans to remove 'hot spots' of sediment contamination; otherwise, such hot spots could delay or impede faunal recovery once dissolved oxygen conditions in the estuary have improved (Sáiz-Salinas & González Oreja 2000 , González Oreja & Sáiz-Salinas 2003 , Gorostiaga et al. 2004 .
The pattern of recolonisation described for the Nervión estuary is very similar to that detected in other estuaries, with the same problems of hypoxia and high contaminant levels (Shillabeer & Tapp 1989 , Tapp et al. 1993 , Llansó et al. 2004 ; it follows, probably, the same repopulation mechanisms as described by Beukema et al. (1999) . After the experience gained from other estuaries associated with gradual clean-up and de-industrialisation, such as the Mersey (Hawkins et al. 2002) where the recovery took more than 40 yr, and taking into account the time course in the inner reaches of the Nervión estuary, complete recovery of the entire estuary is likely to take place within the next 10 to 15 yr.
CONCLUSIONS
Few long-term studies have been undertaken on the effects of water treatment on soft-bottom benthic communities. In highly polluted systems, such as the Nervión estuary, the first factor driving the benthic community structure is the bottom water oxygen saturation; consequently, other associated factors, such as the redox potential in sediments or the hypoxia and/or anoxia, produce azoic sediments. When water treatment commences, benthic recolonisation is very rapid in terms of opportunistic species settlement. However, the community structure is highly disturbed in terms of density, richness, diversity and associated AMBI values. In these particular systems the AMBI and diversity are highly correlated with oxygen saturation. As water treatment continues, the high metal concentrations in the sediments can inhibit recovery in certain areas; they are a secondary factor in determining the benthic structure. Against this background, the AMBI can be an efficient tool in detecting changes in benthic communities in systems associated with sewerage schemes; it indicates the proportions between opportunistic and sensitive species in long-term series.
